A field experiment entitled "Impact of conservation tillage with residue retention on soil physicoproperties and yield of rice and wheat under rice-wheat cropping system" was conducted at Norman E. Borlaug Crop Research Centre of G.B. Pant University of Agriculture and Technology, Pantnagar during kharif and rabi of 2012-13 and 2013-14 to observe the effect of conservation tillage and recycling of left over previous year crop residue as mulch in spite of burning on crop yield and on soil health under intensive rice-wheat cropping system. The data obtained from two years of experimentation revealed that higher grain yield of rice (5.23 t/ha) was recorded under conventional direct seeding while in case of wheat maximum grain yield (4.25 t/ha) was observed under zero tillage along with retention of residues than other tillage practices. Similarly in case of soil properties, crop residue retention on surface during winter modified the temperature of soil favourable for wheat root growth. Conservation tillage along with residue also improved the soil nutrient status like soil carbon nitrogen ratio (12.9) well as micronutrient status during the course of investigation.
INTRODUCTION
Rice-wheat is one of the major cropping systems which play a significant role in food security of India. This system is labour, water, capital and energy intensive and becoming less profitable as all these resources are becoming limited as well soil health is getting deteriorated with the passage of time. Rice cultivation involves ploughing the soil when wet, puddling it and keeping the area for the duration of the rice crop. Repeated puddling adversely affects soil physical properties by dismantling soil aggregates, reducing permeability in subsurface layers, and forming hardpans at shallow depths [1] all of which can negatively affect the following crop in rotation [2] . Excessive pumping of water for puddling in peak summers in north west Indogangetic plains (IGP) causes problems of declining water table and poor quality water for irrigation on one hand, whereas, in eastern IGP, rice transplanting depends mainly on monsoon rains. Under present situation of water and labour scarcity, farmers are changing either their rice establishment methods only (from transplanting to direct seeding in puddle soil i.e. Wet-DSR) or both tillage and rice establishment methods (puddle transplanting to dry direct seeding in unpuddled soil i.e. Dry-DSR). Rice grown with conservation tillage can produce similar yield to that under conventional puddling with minimized expenses on field preparation [3] . An extreme tillage requirement with no return of crop residue and other organic materials in loss of soil organic matter and is not sustainable [4] . For getting rice-wheat system sustained, reducing the intensity of tillage is must in an era of intensive agriculture. The recycling of crop residues has the advantage of converting the surplus farm waste into useful product for meeting nutrient requirement of crop. It also maintains the soil physical and chemical condition. A rice-wheat sequence that yields 7 t ha -1 of rice and 4 t ha -1 of wheat remove more than N 300, P 30 and K 300 kg ha -1 from the soil. Mulching/ retention of residue may affect soil fertility, physico-chemical properties and yield of the crop. About 25% of N and P, 50% of S and 75% of K uptake by cereal crops are retained in crop residues, making them viable nutrient sources. There is a need for retaining residue insitu by surface mulching or by incorporating it in to soil. An experiment was there for conducted to evaluate the yield of rice and wheat under conservation tillage and its influence on soil physic-chemical properties.
METHODS AND MATERIALS
The field experiment was conducted during Kharif and Rabi season of 2012-13 to 2013-14 at Crop Research Centre of G. B. Pant University of Agriculture and Technology, Pantnagar. the soil of the experimental site was silty clay loam with pH 7.95, organic matter 0.926%, and the available N 175.3kg/ha, P 17.2kg/ha and K 210.5 kg/ha. There were total 12 treatments replicated three times in Split-Split Plot Design. Tillage practices (zero tillage, minimum tillage and conventional tillage) were kept in main plots while rice varieties (hybrid rice and HYV) in sub plots and in last residue in sub-sub plots. In residue retention plots residue of rice crop in wheat and of wheat in rice was applied @ of 4 t/ha after sowing of the crop. Two type of rice varieties i.e. Hybrid rice (Pant Sankar Dhan 3) and High Yielding Variety (Pant Dhan 16) and one wheat variety UP 2565 were used as test crop. The recommended dose of fertilizers 120 kg N, 60 kg P and 40 kg K /ha were used for both the crops. Half dose of nitrogen and full dose of P and K was mixed in soil before sowing. Rice was sown in dry condition i.e. aerobic rice cultivation. All the agronomic practices and plant protection measures were followed as per the recommendations. Rice crop was harvested on last week of October and wheat crop was harvested on first fortnight of April. After threshing grain yield was measured and after drying yield obtained from each plot were converted in tonnes per hectare. Soil samples were collected with the help of core sampler from after completion of one rice-wheat cropping system and analyzed for soil carbon nitrogen ratio and micronutrient status. Maximum and Minimum Soil temperature were measured during morning and evening hours with the help of soil thermometers at 10 cm of soil depth during the winter wheat crop to observe the impact of residue retention on soil temperature. Temperature was recorded during the growth period of the wheat crop and graphically presented at main growth stages i.e. tillering, heading and at grain filling stage.
RESULT AND DISCUSSION

Rice Yield
Tillage based crop establishment and residue retention did not influence the rice yield strongly as it was the initial phase of the conservation tillage. However, significant effect of different conservation tillage practices on grain yield was observed after two years of experimentation where higher grain yield was recorded under conventional tillage (5.44 t/ha) followed by minimum tillage (5.39 t/ha) which were significantly higher than grain yield obtained under zero tillage practice (4.62 t/ha). In case of rice varieties, higher grain yield was obtained by HYV (5.23 t/ha) than hybrid rice. Higher yield produced by HYV under conservation tillage indicates its potential to perform better under direct dry sowing condition than the hybrid rice. Similar performance of HYV under aerobic condition was reported others also [5] . The effect of residue retention on rice grain yield was nonsignificant at the end of the experimentation though little bit higher yield was observed with application of residue along with conservation tillage (Fig. 1 ).
Wheat Yield
Similar to rice, different conservation tillage practices influenced the grain yield of wheat at the end of the cropping system. Under zero tillage, significantly higher yield (4.25 t/ha) was observed over minimum and conventional tillage. Wheat grain yield did not influenced by rice varieties during both the years of study. In case of residue retention significantly higher grain yield of wheat (4.31 t/ha) was recorded with the application of residue on surface than no residue retention. The higher response of wheat to residue retention along with conservation tillage or zero tillage might be associated with higher conservation of soil moisture, improved physical condition of the soil due to avoidance of puddling in rice during kharif season, minimum fluctuation in the soil temperature etc. Also higher grain yield in residue retained treatment was due the reason that the nutrient in crop residue and soil could be improved through the adjustment of abundant microorganism after straw residue returning to the field [6] . Likewise, few other researchers observed 9-10% higher yield under ZT combined with residue mulch compared to the conventional tillage and ZT without crop residue [7] .
SOIL PHYSICO-CHEMICAL PROPERTIES
Soil Temperature
Tillage can also affect soil temperature through changing soil surface micro topography. Crop residue left on the soil surface as mulch, as compared to incorporation, removal or burning are known to be beneficial for crop production. Crop residue remaining on the soil surface in conservation tillage systems can decrease the rate of soil temperature change because surface residue both increases the reflection of incident solar radiation and acts as an insulating barrier Fig. 1. Effect of tillage and between the soil surface and the warmer (or colder) atmospheric air above [8] . It provides the favourable soil temperature for better root growth of wheat crop as compare to the residue removal or burning. Soil temperature was recorded during the wheat crop in both the years at tillering, heading and grain maturity stage. At tillering stage of wheat crop, temperature recorded during morning and evening showed greater variation during the first year of wheat crop than second year. In case of morning hours higher soil temperature was recorded under residue retention as compare to non-residue retention. The variation between residue and non-residue was found more in case of minimum tillage and lower in case of conventional tillage. Opposite result was observed in case of maximum soil temperature.
During heading stage of wheat crop, temperature was higher than those recorded during tillering stage and more increment in soil temperature was recorded during first year than the second year. Similar trend was observed under residue and non-residue as during tillering stage. At grain maturity stage, the variation in morning hour's soil temperature was less as compared to evening hour's temperature during both the years. Residue retention resulted lower soil temperature than non-residue in morning hours. Similarly at evening hours lower soil temperature was recorded under residue retention than nonresidue during both the years. The tillage practices did not resulted variation significantly in soil temperature. Crop residue left on the soil surface as mulch as compared to incorporation, removal or burning are known to be beneficial for crop production. Similar results were reported by many others [9] and [10] .
Soil Chemical Properties
Conservation tillage systems can enhance sustainability of soil productivity by reducing soil erosion and increasing soil organic matter. A major factor contributing to changes in SOC and total nitrogen is the amount of carbon and nitrogen return to the soil through crop residue and roots each year. Higher C: N ratio recorded under zero tillage (12.9) than MT and CT. In case of residue management higher ratio was observed under application of residue (12.8) as compare to no-residue at the end of the cropping system Table 1 . It has been reported that when residue with wide C: N ratio is added in the soil, a large proportion of the N required by the rapidly increasing microbial population comes directly from the straw. Thus it is expected that with time, the crop residue mulching will reduce the C: N ratio of the microbial biomass [11] . forms which enhanced their concentration in soil but under aerobic condition reverse result may be observed. Similar result was reported [12] . In another report [13] , it has been reported that the continuous practicing of rice-wheat cropping system reduced the micronutrient cations which further resulted in the build up of DTPA-extractable Zn, Cu, Mn, and Fe in soil.
CONCLUSION AND RECOMMENDA-TION
Residue mulching of wheat in rice crop did not found beneficial in terms of rice productivity. However, wheat performed better under rice residue. Conservation tillage improved the soil chemical and physical properties and also found remunerative. So, it can be recommended that DSR in conventional tillage and wheat in zero or minimum tillage with residue mulching may be adopted.
